INTRODUCTION
IN a previous paper Simchen (1966) described the progress of selection over nine generations for high and low growth rate in the haploid progeny of a single dikaryon of Schizoph11um commune. Response to selection was observed in both directions for the first 3-4 generations. In later generations the two high and two low lines differed markedly in their behaviour. The high selection lines showed a rapid decrease in genetic variance and the progeny of the 8th generation were homogeneous. In contrast, both low lines maintained a high level of variation while response ceased. The low lines also showed a marked increase in evironmental variability which did not occur in the high lines.
Lack of response while considerable genetic variability is maintained for the character under selection is a common feature of many selection programmes (Reeve and Robertson, 1953; Clayton and Robertson, 1957, working with Drosophila; Lee and Pateman, 1961; Papa et al., 1967, selection in Neurospora; Falconer and King, 1953 , selection in mice). In some instances selection of heterozygotes which are lethal or semi-lethal in the homozygous state and/or natural selection in the form of differential fertility operating against artificial selection have been shown to account for most if not all of the unfixable genetic variability observed.
In the present work selection was carried out at the haploid (monokaryon) phase, thus many of the machanisms by which genetic variability can be maintained at the diploid level such as selection of heterozygotes and other types of dominance interactions do not apply.
MATERIALS AND METHODS
The two low lines L1 and L2 have been continued to the 16th and 15th generations respectively. Reverse selection was commenced at the 13th generation to give two further lines designated BL113 and BL213. In addition two other lines (M1 and M2) have been selected from the progeny of the same original dikaryon (isolate No. 2) which gave rise to the two high and two low lines. M1 and M2 are intermediate selection lines
and were produced by selecting the two compatible monokaryons (full sib haploids) which had growth rates nearest the mean of their generation as parents for the next cycle of selection.
Dikaryons were fruited in Petri-dishes on SF medium at 18° C. under continuous illumination by "daylight" fluorescent tubes. When fruit bodies formed the Petri-dish was inverted over another Petri-dish containing malt medium. The inverted dish was rotated slowly for a short period, usually 5-10 seconds, depending on the number and size of the fruit bodies. The spread of basidiospores obtained in this way was incubated at 25° C. for approximately 30-35 hours. The small colonies were then picked off under a dissecting microscope and transferred to malt Petri-dishes-five colonies per plate.
Mating types of monokaryotic progeny were determined by the method of Papazian (1950) . Monokaryon testers, A3B3, A3B4, A4B4, A4B3, representing the four major groups of progeny obtainable from dikaryon No. 2, were mated to each unknown monokaryon. All four test matings being carried out on the same Petri-dish, the unknown monokaryon was inoculated in the centre as a control. Mating type determination was carried out on SCM medium (for details of the various media used see Simchen and Jinks, 1964) . All experiments were assessed at 25°C. "Growth rate" was measured as the linear growth of the fungus in millimetres over a period of ten days in growth tubes. Each experiment consisted of two randomised blocks, estimates of genetic and environmental components of variation could therefore be obtained for each generation. The rate of inbreeding was the same as that in previous experiments, i.e. two compatible full sib monokaryons were selected as parents of the next generation in each line. This mating system is equivalent to selfing plus assortative mating.
THE SELECTION LINES
The first two generations of M1 and M2 have been grown together, therefore M1 and L1 were randomised in the same experiment, similarly L2 and M2 were grown together. In tables 1 and 2 the analysis of variance for each generation is given.
(i) Intermediate selection lines Both M1 and M2 behave very much as would be expected under such intense inbreeding. M1 is a little faster growing than M2, a relationship it maintains during all the generations. Figures 1 and 2 show the frequency distributions for each generation, in fig. 3 the relative magnitudes of the genetic component (VG) and the environmental component (VE) are shown graphically. The expectations of mean squares on which these estimates are based are the same as those given by Simchen (1966) . The behaviour of M1 and M2 was similiar to that of the two high lines (H1 and H2) previously reported by Simchen (1966) . Both lines showed rapid loss of genetic variation ( fig. 3 ) which was fully exhausted by the 8th generation for M1 and almost so for M2. The error component (VE) was less than that of the corresponding low line with which each generation was grown except for M23 which had a higher error estimate than L211.
All the parental moriokaryons of each generation were stored in stock bottles at 5° C. All of these were grown in the same experiment, thus making it possible to compare the different generations in a common fig. 4 . This overcomes to a large extent differences between generations which were assessed under slightly different conditions, i.e. differences which could arise from different batches of media, slight differences in length of experiment (10 days 4hr.) minor fluctuations in temperature, etc. (ii) Low selection lines Both L1 and L2 continued to show high genetic variance, no response to selection and a high degree of instability.
These three characteristics (see figs. 1, 2, 3 and tables 1 and 2) have H previously been reported by Simchen (1966) for the first nine generations.
Estimates of the genetic component of variance tend to be higher in L2 than L1 and it is frequently higher than that of the original base population (i.e. first generation progeny of isolate No. 2). A similar phenomenon was noted by Clayton and Robertson (1957) in their low line female selection for abdominal chaeta number in Drosphila. This line appeared to be homogeneous in respect of the genes affecting growth at the 3rd generation of reverse selection.
BL2 on the other hand behaved very like its parent line in all its characteristics, namely:
(a) no response, (b) high genetic variance, (c) high instability. They were similar also in that the compatible monokaryons selected in the 15th generation of L2 and the 2nd generation of BL2 failed to produce fruit bodies.
In the frequency diagram of figs. 1 and 2 the individual genotypes of L115 and L1..16 BL213(2) and L215 are based on the means of four observations (two blocks plus two duplicates) in all other generations each individual is based on the mean of two. This accounts for the reduced standard errors given for the above four generations.
MAINTENANCE Oi GENETIC VARIABILITY
The major problem posed by the low selection lines is: what mechanisms operate to maintain genetic variability in the presence of such intense inbreeding? It is possible that some gene or genes affecting growth rate may be closely linked to the mating type factors and/or the instability associated with these two lines may make simple selection ineffective. If, as suggested by Simchen (1966) , the L genotypes are particularly sensitive to environmental effects in the early stages of growth, which persist during later development, this would give rise to pseudo-genetic variation. The A and B mating type factors are each composed of two loci Aoc, 48;  and Boc, B/3 (Raper et al., 1958 (Raper et al., , 1960 Koltin, et al. 1967) .
Since compatibility of any two monokaryons requires different specificities in both A and B factors it is necessary to maintain these in the heterozygous state during selection. Furthermore, where recombinants occurred between the cc and /3 loci these monokaryons were not selected. Thus the chromosomal segment in the c -fi region of each mating type factor has been maintained in the heterogeneous state (disregarding the possible occurrence of rare double crossovers in such a short segment). Simchen (1966) has shown that genes affecting growth rate were linked to the B factor in the progeny of three different isolates of Schiop1y1lum commune, but he did not find linkage in the progeny of isolate No. 2. He did, however, find linkage in at least one of the crosses (L1 x H1) between the selection lines derived from this isolate.
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Fio. 4.-Relative growth rates of each generation for all selection lines (including H1 and H,: Siinchen, 1966 ) when grown in the same experiment.
In the 13th and later generations the mating type of all the monokaryons have been determined in L1, L2, and BL2. Only one generation of BL1 was assayed in this way. Comparisons can therefore be made between the different mating type groups. Significant differences between mating type groups would constitute evidence for linkage to the mating type factors.
(We assume for the present that the mating type loci themselves have no effect on growth rate.) The numbers of individuals in the four mating type groups were not equal (although not deviating significantly from 1: 1: 1: 1) and a least squares analysis appropriate to unequal groups was employed. The results are summarised in Generation.
Linkage to the B factor in L1 is consistent over the last three generations, that factor increasing growth rate being linked to B3. In the last generation, L116, there is also evidence of linkage to A3. There is evidence of linkage to the B factor in L212 and to the A factor in BL213(2). It must be remembered that the genetic remainder M.S. is used to test the significance of the linkage M.S., therefore our test of linkage is not very sensitive when the" background" genetic variation, as measured by the genetic remainder M.S., is high. This may be the reason for the inconsistency of the linkage tests in later generations of L2 and the 1st generation of BL2.
Estimates of components of variation due to linkage are given in Crosses between selection lines were carried out in duplicate, the origin of the mating type factors in the second being the reverse of that of the first cross. For example in the case of M18 x L116 the first cross is A3B4 x A4B3, and the second cross is A4B3 x A3B4. The monokaryons A3B4 and A4B3 taken from the 8th generation of M1 are homogeneous with respect to genes controlling growth rate (see table 1, fig. 3 ); they are used therefore as testers in these crosses.
In this series of experiments the mating type of the progeny was determined before growth rate measurements were made. It was therefore possible to have equal numbers in all four mating type groups, thus making the analysis of variance and estimation of components easier.
The results from these crosses, which are summarised in table 5, show highly significant linkage in all crosses to one or both of the incompatibility factors. Linkage to A in the cross BL113(3) x L116 is of border-line significance. It is also evident that the incompatibility factors themselves do not have any effect on growth rate-this has previously been assumed. To take one example, in the cross M18 x BL2..3(2) the factor conditioning faster growth is linked to A3, in the reciprocal cross it is the group containing A4 which has the faster mean growth rates. Similar results are shown for the B factor in the cross L215 x L116.
A simple model for the example discussed above might be:
BL2_13 (2) A3 B4 x A4-B3
A4 B3 x A3-B4 This model implies that one of the parents, in this instance the low line as expected, is segregating for the linked factor. The gene or polygenic block affecting growth rate which is linked to the A factor although showing considerable variation between crosses has a much larger effect than that linked to the B factor (see tables 5 and 6).
The estimates of linkage components show rather good agreement between reciprocal crosses.
(ii) Instability-split spores and hyphal tip experiments
In all of the analyses described so far the genetic remainder component is highly significant. Sensitivity to environment in the very early stages of the young mycelium could give rise to pseudogenetic variation if such early effects persist in later growth. In order to test this possibility the young mycelium was split into duplicate pieces under a dissecting microscope as early as possible after germination, which proved to be after 21-22 hr. incubation at 25°C. Generations L115, L116, L215 and BL213(2) were treated in this way. The analysis of the growth rates of the duplicate pieces are given in table 3. L1 (both generations) and BL2 show significant differences between duplicates, but no evidence for such an effect could be found in L215. These results lend support for the above hypothesis-that sensitivity to environment at an early stage in development could result in spurious genetic variation. Hyphal tips were taken from haploid colonies of generation L156, L215 and BL213(1). The number of colonies established from these hyphal tips was small, minimum number being six. The six hyphal tip colonies derived from each of 47 genotypes were grown together in the same experiment. In L116 differences between hyphal tips derived from the same genotype are highly significant (see table 7 ). In L2 and BL2 the significance of this item is borderline. The effects observed here may have a similar orgin to that observed for duplicates. Both the duplicate and hyphal tip differences could also be due to cytoplasmic segregation; no distinction between the two cases can be made on the evidence available.
(iii) Spore germination Spore germination was estimated for each generation for all the selection lines by microscopic examination of malt agar plates on which spores were spread rather densely and incubated at 25° C. for 14-16 hr. The results are summarised in table 8.
Both L2 and M1 show rather low spore germination, low germination was also found for progeny of dikaryons produced by random mating monokaryons derived from the original dikaryotic isolate. Differential viability of the spores could limit the response to selection by eliminating extreme genotypes; it could not, however, maintain genetic variation under full sib gametic selection unless the genes controlling the expression of the character were also linked to the incompatibility factors. The fact that no significant deviation from the normal 1: 1: 1: 1 ratio of the four mating type groups was found in all generations tested would indicate that the low germination observed in these two lines was independent of mating type. 
Dscussio
The intermediate selection lines do not require much further comment, they behave very much as would be expected under such an intense inbreeding system. The rate of decrease of genetic variation, the stage at which the inbreds become homogeneous and the high level of stability are all similar to that found for the high selection lines (Simchen, 1966) .
The analysis of the low selection lines indicate that some of the residual heterogeniety is due to linkage of genes affecting growth rate to the mating type factors. If we assume that the same loci control growth rate in all the selection lines then the degree of linkage must not be such as to prevent fixation occurring in the two high and two intermediate lines. This is also supported by the response of the reverse selection of L1 which become homogeneous after three generations. The frequency of recombination between the mating type factors and genes controlling growth rate could have been reduced during selection of the low lines. The frequency of recombination in the -region of both the A and B mating type factors has been examined (Simchen and Connolly 1968) . But in all cases either an increase in recombination frequency was found, or no change in intrafactor recombinatiort relative to the original dikaryon could be detected. Although this is indirect evidence, it does indicate that no drastic reduction in recombination frequency appears to have occurred in this region of the chromosome.
The results of the linkage analysis for within selection lines and for crosses between these same lines and a common tester are not in agreement. Where the low line appears to be segregating for a factor which is linked to one or other of the incompatibility " loci ", then we would expect to detect this in the cross to the tester line-M18. We can also distinguish this type of linkage from that in which it is due to different phases of the same allele being fixed in the two parent lines (see earlier). In the latter case we would expect to find the linkage item significant in both crosses, but if we have the situation where the linked factor is in the heterogeneous state in the low parent, then we would expect linkage to be present in one cross only. The results of the crosses to M17 are in many cases very different to what we expect from the analysis within the selection lines themselves. For example, in the cross M18 x L1..16 we expect the increasing factor to be linked to B3 where in fact it is linked to B4. In the crosses M18 x BL213(2) and M1..8 x L2.15 the results indicate that we are dealing with linkage of growth rate factors to the A mating type " locus " but in each cross different phases of the same "allele" appears to be fixed in the M1 and L inbred lines.
The significant linkage components observed in the analysis within the low lines themselves would suggest that "genes " affecting growth rate were segregating. These "genes" must either be inactive or have a much reduced effect in the crosses to the tester line. In all cases, however, we must bear in mind that the sensitivity of our linkage test is dependent on the magnitude of the residual within mating type genetic variation-as measured by the genetic remainder. In the cross BL113(3) x L116 the linkage to A M.S. is large but not significant. Analysis of the L1 inbred (table 3) shows consistent linkage to the B factor and in the last generation (L116) there is also linkage to A. There is no evidence of linkage to either factor in the analysis of BL1 as would be expected since this line became homogeneous for growth rate genes after three generations of reverse selection. In the cross between these lines, however, we are unable to detect linkage of significant effect. This cannot be attributed to a large genetic remainder in the cross between inbreds, it is in fact smaller than that recorded for the last generation of L1 (L116). Mather (1953) and Thoday (1955 Thoday ( , 1958 have shown that instability as measured by asymmetry in the number of sternopleural chaetae produced on each side of Drosophilia melanogaster is under genetic control and is not a property of homozygosity per se. Analysis of Nicotiana data also supports this view (Jinks and Mather, 1955) . In the present experiments only the two low lines show increased instability, the two high and two intermediate selection lines (which in fact are more homogeneous than the two low lines) show a very high degree of stability. This increased instability could arise from the breakdown of balanced gene complexes which control stability (Mather, 1953) or by direct selection of genes for instability. When stability is restored on crossing to stable lines it is possible that the indirect effect of these stability genes on the development of the character under selection may no longer be detectable. This could account for the difference in the linkage results obtained from the crosses between the inbred lines and those expected on the basis of the within line linkage analysis.
The instability associated with the low selections would make simple selection ineffective, as was found by Lee and Pateman (1961) in their selection for increased ascospore length in Neurospore. In the present experiments repeatability as measured by the correlation between measurements on the same genotype in different experiments is very low-for L1, r(14) = 0.3117; for L2, r(14) = 04212; for BL2, r(13) = 03589; none of which differ significantly from zero. In these circumstances linkage of genes affecting growth rate to the mating type factors would be difficult to break.
6. SUMMARY 1. Two low selection lines of Schizophyllum commune, previously inbred for nine generations, which continued to show genetic variation without response were inbred for a further seven generations. Reverse selection was initiated in the 13th generation in both selection lines. Selection was carried out at the haploid level.
2. Linkage analysis within the low selection lines indicated that some of the genetic variation was being maintained by linkage of genes controlling growth rate to the mating type factors.
Results of linkage analysis for crosses between the low lines and a tester line did not agree in some respects with those obtained from the within line analysis. Possible causes for this discrepancy are discussed.
3. The two low lines show a high level of instability making simple selection less efficient. Evidence from the analysis of hyphal tip and duplicate colony experiments indicates that part of the genetic variation is spurious in nature, or, alternatively, of cytoplasmic origin.
4. Reverse selection in L1 showed response and decrease in genetic and environmental components of variability while BL2 showed no detectable change from the parent line.
5. Selection for intermediate growth rate is described. The two lines M1 and M2 show rapid loss of genetic variation which is fully exhausted by the 8th generation.
